Recently, some published experimental results have revealed that springback of some common types of integrated circuit (IC) leadframes in roller forming is highly related to their anisotropic properties. In this paper, a new plane stress bending model based on the approach of Crystallographic Mechanics of Textured Polycrystals (CMTP) has been developed to predict the deformation behaviour and springback of a copper alloy. Based on the texture data obtained from the measured orientation distribution function, springback of the copper alloy in the rolling direction was determined to be greater than that perpendicular to the rolling direction. It was also found that the springback increased with increasing die radius. The predictions were compared to the experimental findings, and the trends of them were in reasonable agreement.
. Chan and Wang (1998) (Chan, 1995a; 1995b where dO is an infinitesimal angle between two radial planes which bound the element.
Assuming that a narrow leadframe strip can be devided into n layers. For each layer, as the lateral strain components are not negligible if the condition of strain compatibility has to be satisfied, the strain tensor referred to the specimen axes can be represented by, (2) where x, y, z are dimensionless parameters and de() is the strain increment which depends on the bending radius and angle of the layer being considered.
The leadframe is supposed to consist of G groups of grains each with volume fraction fg (g l-G) and orientation {hkl}(uvw). All the symmetrical components of the orientation {hkl} (uvw) are considered. Each grain is assumed to undergo the same strain as the polycrystals. Since the CMTP yield criterion is referred to the (100) axis of the grain, the strain tensor e(s)(g) has to be transformed to the cube axis of the grain by the following relationship:
where P is the transformation matrix and pX is the transpose of P with (6) where Sij are the components of the deviatoric stress tensor S referred to the (100) axes of the ideal orientation.
In order to derive the stress components, the normality principle is applied:
For simplicity, an isotropic hardening of the slip systems of the following form is employed,
where N is the hardening exponent of the slip planes, and F the amount of shear strain per grain which is given by
where M is the Taylor factor.
For a given strain tensor e(s)(g), the deviatoric stress tensor Sc)g) can be calculated by solving equations (2)-(9). When transforming the stress back to the specimen axes, we obtain S(s)(g pTS(c)(g)p.
(10)
To sum up the stresses for all the grains, the stress acting on the layer S(c)tp) can be obtained, 
The springback is assumed to be resulted from fully elastic recovery, thus, 1 MB rWu r-E1
The unstretched fibre is taken as the springback axis so that the length of the fibre before and after springback is equal. Hence, the final angle after springback is expressed as:
where 0 is the bending angle.
RESULTS AND DISCUSSIONS
In this paper, the springback and deformation behaviour of a typical (111), (200) and (220) (Montheillet et al., 1985) . The microscopic work hardening exponent N for the copper alloy was assumed to be 0.24. In the paper, the strip was divided into 30 layers and parameters x, y and z in Eq. (2) were allowed to vary from to 0 with a step size of 0.05, 0.1, 0.1, respectively. Figure 2 shows the predicted relationship between the width and thickness of a bent copper leadframe for die radii of 0.15, 0.2 and 0.3 mm. It was found that the width changed significantly along the thickness direction. A minimal width was found at the outer layer where it was subjected to a tensile stress, and a maximum variation in width was observed at a die radius of 0.15 mm. The change in width across the thickness direction of the strip would result in a trapezoidal die radius, it was expected that a larger circumferential and radial stress would result in larger springback angle. The radial and compressive stresses of the strip at different die radii are also shown in Fig. 5 . The magnitude of the stresses were found to increase with decreasing die radius. This is expected because smaller die radius or bending angle would result in smaller circumference strain and stress. The trend of the results is shown to be in consistence with the results obtained by the macroscopic model of Chan and Wang (1998) . Figure 6 illustrates the comparison between the experimental results of the copper alloy strip and those predicted by the present model. The predicted springback angle ofthe strip at the rolling direction was found to be larger than that along the transverse direction. The trend of the prediction is in agreement with the experimental findings (Fu et al., 1997) though a relatively large discrepancy between the two was still observed. The springback angle determined by the isotropic plane stress model was also superimposed in Fig. 6 . It is obvious that the model is unable to explain the experimental phenomenon. It should be considered that the experimental results were obtained using a roller forming jig. Roller forming is a common method in the IC industry. The assumption ofpure bending may be too ideal for the process, which is believed to be one of the main reasons for the discrepancy. In order to refine the model, considered, though elongated grains were observed in the alloy. To incorporate the effect of grain shape into the model by relaxing the constraints on the grains may also be very valuable.
CONCLUSIONS
In this paper, a plane stress model based on the CMTP has been proposed to predict the deformation behaviour and springback of a copper alloy. It was found that both the radial and compressive stresses of the strip in the rolling direction were greater than that along the transverse direction. The springback angle of the strip in the rolling direction was also found to be greater than that for the material perpendicular to the rolling direction. The trend of the findings is in consistence with the experimental results.
